Summary There are thousands year of history for drinking tea in China and world. The benefits of drinking tea to human health are well known and improved by epidemiological result and experiments. The most effective components in tea are polyphenols which are about 30% weight of dry tea. The antitumor and antimutagenic effects of the tea polyphenols, the prevent effect of the tea polyphenols on Alzheimer's disease and Parkinson's disease, the protective effects of the tea polyphenols on neuron against lead toxicity and their antioxidant mechanisms are reviewed and discussed in this paper.
Introduction
Throughout history, tea has been one of the most popular drinking all over the world. Epidemiological studies have shown that tea is beneficial to human's health by protecting the body from cancer and other diseases. Most people thought the benefit effect of tea came from the vitamins and trace elements in tea, which is not correct and complete. The most effective components in green tea are polyphenols which are about 30% weight of dry tea and main 4 components of them are EC: (−)-epicatechin; EGC: (−)-epigallocatechin; ECG:(−)-epicatechin gallate and EGCG: (−)-epigallocatechin gallate (Fig. 1) . The main polyphenols in black tea are theaflavins and thearubins and their structures are shown in Fig. 1 . This article summarizes the health effects of tea plyphenols and reviews and discussed their possible antioxidant mechanisms.
Anti-Cancer Effect of Tea Polyphenols and Their Mechanisms
Epidemiological results show that drinking tea can prevent cancer [1] . The water extract and the antioxidants isolated from green tea have been shown to inhibit the backward mutation induced by aflatoxin B1 (AFB1) and benzo(a)pyrene (BaP) in Salmonella typhimurium. Tea antioxidants were also found to inhibit gene mutation in V79 cells treated with AFB1 and BaP as well as decrease the frequency of sister chromatic exchanges and chromosome aberrations in V79 cells treated with AFB1 [2] [3] [4] [5] . Green tea polphenols have also been shown to inhibit tumorgenesis and carcinogenesis. The anticarcinogenic action of green tea and its constituents, particularly EGCG, has been studied in vivo in human body and animals [6] [7] [8] .
Two papers reported the anti-cancer effects of tea polyphenols by Nature in 1997 and 1999. Human cancer needs proteolytic enzymes to invade cells and form metastasis. One of these enzymes is urokinase(uPA). Inhibition of uPA can decrease tumor size or even cause complete remission of cancer. EGCG is a weak inhibitor of uPA but can be consumed in much higher doses without any toxicological effects (150 mgEGCG /cup tea, 10 cups /day) [9] . The growth of almost all types of tumor is dependent on angiogenesis, and the enlargement and metastasis of tumors is disrupted when this is suppressed. Green tea and EGCG significantly prevents the growth of new blood vessels in animals. Drinking tea may be beneficial for the prevention and treatment of angiogenesis-dependent diseases, such as cancer and blindness caused by diabetes [10, 11] .
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Fax: 86010-64871293 E-mail: zhaobl@sun5.ibp.ac.cn Lin et al. published a series of paper shown the antioxidantive and signal blocking effects of tea polyphenols and their implication in cancer chemoprention [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . They found that EGCG, theaflavins and thesinensin A could induce human cell lines histolytic lymphoma U937 and acute T cell leukemia Jurkat cell apoptosis. Treatment with tea polyphenols caused rapid induction of caspase-3, but not caspase-1, activity and stimulated proteolytic cleavage of poly (ADP-ribose)-polymerase (PARP). Topical application of green tea catechins to mouse skin was found to inhibit TPA-caused induction of ornithine decarboxylase (CDC) activity, transformation, PKC activation and AP-1 binding activities in mouse fibroblast cells. EGC, EGCG and theaflavins were found to inhibit carcinogenic compound nitrite production.
We have studied the effect of green tea polyphenols with copper on HeLa Cells. After treatment with low concentrations of GTP (5-15 µM) plus 2 µM Cu 2+ , HeLa cells died gradually as measured by the MTT assay. Agarose gel electrophoresis analysis of DNA extracted from HeLa cells exposed to GTP /Cu 2+ showed typical internucleosomal DNA fragmentation (DNA ladder), which was also confirmed by DNA content analysis by flow cytometry.
Morphological observation on HeLa cells treated with GTP /Cu
2+ by transmission electronic microscopy also showed typical apoptotic features including cell shrinkage, chromatin condensation, and the formation of apoptotic bodies. Laser confocal microscopy determination of intracellular calcium level revealed that exposure to GTP /Cu 2+ triggered increase of cytosolic calcium ion, which may be involved in the process of apoptosis [23] .
Prevent Effect of Tea Polyphenols on Alzheimer's Disease and Their Mechanisms
Accumulated data demonstrated that oxidative damage occurs in Alzheimer's disease (AD) brain [24] . Aβ peptide has been proven to produce hydrogen peroxide (H2O2) through metal ion reduction, with concomitant release of thiobarbituric acid-reactive substances (TBARS), a process probably mediated by formation of hydroxyl radicals [25, 26] . The cytotoxicity of Aβ fibrils also implicated to be relative to an oxidative mechanism. Evidence supporting the notion of free radical oxidative stress in AD brain includes: increased redox-active metal ions in AD brain; iso-and neuroprostanes; increased protein oxidation; increased oxidation of DNA and RNA; decreased activity of oxidatively prone enzymes, such as glutamine synthetase (GS) [27] [28] [29] . EGCG is able to regulate the proteolytic processing of APP both in vivo and in vitro [30] , suggesting that green tea polyphenols might be potentially promising therapeutic agents for AD. EGCG promoted the nonamyloidogenic β-secretase pathway of APP neuronal cell cultures. The increase was dose-dependent, and the stimulatory effect of EGCG on sAPPβ secretion was inhibited by the hydroxamic acid-based metalloprotease inhibitor Ro31-9790, indicating that this effect was mediated via-secretase processing.
Also, long term treatment of mice with EGCG resulted in decreases in cell-associated, full length APP levels, as well as increases in sAPP levels in the hippocampus. In addition, inhibition of PKC activity, whose involvement in sAPP release is well established [31, 32] , prevented EGCGinduced sAPPβ release, indicating a key role of PKC in mediating EGCG effect. Although it is not known which isoenzyme of PKC plays a major role in modulating APP processing, several lines of evidence suggest the involvement of PKCα and PKCε in APP processing [33, 34] . Previous studies in brains of AD patients demonstrated reduction of PKCα activity in the membrane fraction. In agreement with these findings, repeated administration of EGCG for 1 or 2 weeks caused significant increases in the protein expression of PKC isoenzymes α and ε in the hippocampus of mice [35] . EGCG enhances (~6-fold) the release of the non-amyloidogenic soluble form of the amyloid precursor protein (sAPPα) into the conditioned media of human SH-SY5Y neuroblastoma and rat pheochromocytoma PC12 cells. sAPPα release was blocked by the hydroxamic acid-based metalloprotease inhibitor Ro31.9790, which indicated mediation via α-secretase activity. Inhibition of PKC with the inhibitor GF109203X, or by down-regulation of PKC, blocked the EGCG-induced sAPPα secretion, suggesting the involvement of PKC. Indeed, EGCG induced the phosphorylation of PKC, thus identifying a novel PKC-dependent mechanism of EGCG action by activation of the non-amyloidogenic pathway. EGCG is not only able to protect, but it can rescue PC12 cells against the Aβ toxicity in a dose-dependent manner. In addition, administration of EGCG (2 mg /kg) to mice for 7 or 14 days significantly decreased membrane-bound holoprotein APP levels, with a concomitant increase in sAPPα levels in the hippocampus. Consistently, EGCG markedly increased PKCα and PKCε in the membrane and the cytosolic fractions of mice hippocampus. Thus, EGCG has protective effects against Aβ-induced neurotoxicity and regulates secretory processing of non-amyloidogenic APP via PKC pathway [36] .
Prevent Effect of Tea Catechins on Parkinson's Disease and Their Mechanisms
Parkinson's disease (PD) is a progressive neurodegenerative disorder and the hallmark of this disease is selective loss of dopaminergic neurons in the substantia nigra pars compacta [37] . Recently, the death of dopaminergic neurons has been reported to occur by apoptosis [38] [39] [40] . Oxidative stress has been widely believed to be an important pathogenetic mechanism of neuronal apoptosis in PD [41] . Overproduction of ROS lead to oxidative damage in the brain of PD, as shown by increased lipid peroxidation and DNA damage in the substantia nigra. Increased protein oxidation is also apparent in many areas of the brain, while substantia nigra is particularly vulnerable [42] . Under physiological conditions, 6-OHDA is rapidly and nonenzymatically oxidized by molecular oxygen to form H2O2 and the corresponding p-quinone [43] . The former can react with iron (II) to form the reactive and damaging hydroxyl radical. The latter then undergoes an intramolecular cyclization followed by a cascade of oxidative reactions resulting in the formation of an insoluble polymeric pigment related to neuromelanin [44] .
We studied the effect of tea catechins on the PC 12 exposed to 6-OHDA and demonstrated tea catechins could protect PC12 cells against apoptosis caused by 6-OHDP. Exposure of PC12 cells to 6-OHDA induced a concentration-dependent decrease in cell viability determined by MTT assay and apoptosis of PC12 cells observed by flow cytometry, fluorescence microscopy and DNA fragmentation technique. Tea catechins displayed significantly inhibitory effects against PC12 cell death. EGCG and ECG were more effective than tea catechins but EGC, EC and (+)-C were less effective [45] . 6-OHDA-induced apoptosis was greatly inhibited by green tea polyphenols at 200-400 µM. From 50 to 400 µM, the protective effects increased with the concentrations and EGCG was better than green tea polyphenols at the same concentrations. From the data of flow cytometry, the apoptotic cells were inhibited greatly by 200-400 µM of green tea polyphenols and EGCG (the inhibitory ratios of green tea polyphenols were 83.1% and 84.8%; of EGCG were 88.3% and 90.3%, respectively). The nuclear changes characteristic of apoptosis were disappeared, especially in the EGCG protected PC 12 cells. The DNA ladder also disappeared in the channels of 200-400 µM of green tea polyphenols and EGCG [46] . We also studied the protective effect of green tea polyphenols on SY5Y cells against the 6-OHDA induced apoptosis. Green tea polyphenols suppressed 6-OHDA-induced accumulation of ROS and increase of intracellular free Ca 2+ and nitric oxide, and over-expression of nNOS in SH-SY5Y cells. Peroxynitrite is a potent oxidant formed through the reaction between nitric oxide and superoxide anion, and an initiator of potentially harmful oxidation reactions. Green tea polyphenols inhibited the auto-oxidation of 6-OHDA in a dose and time dependent manner. Our results show that the protection of green tea polyphenols is partly via reducing the generation of peroxynitrite [47] .
In an animal study Mandel group demonstrated neuroprotective property of green tea extract and ECG in MPTP treated mice model of PD. MPTP neurotoxin caused dopamine neuron loss in substantia nigra concomitant with a depletion in striatal dopamine and tyrosine hydroxylase protein levels. Pretreatment with either green tea extract (0.5 and 1 mg /kg) or ECG (2 and 10 mg /kg) prevented these effects. In addition, the neurotoxin caused an elevation in striatal antioxidant enzymes SOD (240%) and catalase (165%) activities, both effects being prevented by ECG. ECG itself also increased the activities of both enzymes in the brain. The neuroprotective effects are not likely to be caused by inhibition of MPTP conversion to its active metabolite 1-methyl-4-phenylpyridinium by monoamine oxidase-B, as both green tea and ECG are very poor inhibitors of this enzyme in vitro (770 mg/mL and 660 mM, respectively). Brain penetrating property of polyphenols, as well as their antioxidant and iron-chelating properties may make such compounds an important class of drugs to be developed for treatment of neurodegenerative diseases where oxidative stress has been implicated [48] .
They demonstrated highly potent antioxidant-radical scavenging activities of green tea and black tea extracts on brain mitochondrial membrane fraction, against iron (2.5 µM)-induced lipid peroxidation. Both extracts (0.6-3 µM total polyphenols) were shown to attenuate the neurotoxic action of 6-OHDA-induced neuronal death. 6-OHDA (350 and 50 µM) activated the iron dependent inflammatory redox sensitive NF-κB in PC12 and SH-SY5Y cells, respectively. Immunofluorescence and electromobility shift assays showed increased nuclear translocation and binding activity of NF-κB after exposure to 6-OHDA in SH-SY5Y cells, with a concomitant disappearance from the cytoplasm. Introduction of GT extract (0.6, 3 µM total polyphenols) before 6-OHDA inhibited both NF-κB nuclear translocation and binding activity induced by this toxin in SH-SY5Y cells. Neuroprotection was attributed to the potent antioxidant and iron chelating actions of the polyphenolic constituents of tea extracts, preventing nuclear translocation and activation of cell death promoting NFκB [49] .
They also demonstrated that EGCG restored the reduced PKC and extracellular signal-regulated kinases (ERK1 /2) activities caused by 6-OHDA toxicity. However, the neuroprotective effect of EGCG on cell survival was abolished by pretreatment with PKC inhibitor GF 109203X (1 µM). Because EGCG increased phosphorylated PKC, they suggest that PKC isoenzymes are involved in the neuroprotective action of EGCG against 6-OHDA. In addition, gene expression analysis revealed that EGCG prevented both the 6-OHDA-induced expression of several mRNAs, such as Bax, Bad, and Mdm2, and the decrease in Bcl-2, Bcl-w, and Bcl-xL. These results suggest that the neuroprotective mechanism of EGCG against oxidative stress induced cell death includes stimulation of PKC and modulation of cell survival /cell cycle genes [50] .
Green tea polyphenols are usually expected as a potent chemopreventive agent due to their ability of scavenging free radicals and chelating metal ions. However not all the actions of green tea polyphenols are necessarily beneficial. We demonstrated that high concentration green tea ployphenols significantly enhanced the neurotoxicity by treat-ment of sodium nitroprusside (SNP), a nitric oxide donor. SNP induced apoptosis in human neuroblastoma SH-SY5Y cells in a concentration and time dependant manner as estimated by cell viability assessment, FACScan analysis and DNA fragmentation assay, whereas treatment with green tea polyphenols alone had no effect on cell viability. Pretreatment with low dose green tea polyphenols (50 µM and 100 µM) had only slightly deleterious effect in the presence of SNP, while high dose green tea polyphenols (200 µM and 500 µM) synergistically damaged the cells severely. Further research showed that co-incubation of green tea polyphenols and SNP caused loss of mitochondrial membrane potential, depletion of intracellular GSH and accumulation of reactive oxygen species and exacerbated NO-induced neuronal apoptosis via a Bcl-2 sensitive pathway [51] .
Protection of Tea Catechins on Neuron Against Lead-Induced Toxicity
Recent studies have shown that lead causes oxidative stress by inducing the generation of ROS and reducing the antioxidant defense system of cells, which suggests that antioxidants may play an important role in the treatment of lead poisoning [52] . We studied the protective effects of green tea oxidative stress in PC12 cells exposed to lead. The experimental results showed that lead decreased PC12 cell viability and induced a rapid elevation of [Ca 2+ ]i, which was followed by accumulation of ROS and decrease of mitochondrial membrane potential (MMP) . Treatment by tea catechins significantly increased cell viability, decreased intracellular Ca 2+ levels and ROS formation and improved MMP in PC12 cells exposed to lead in a concentrationdependent manner. The galloylated catechins showed stronger effect on ROS formation and mitochondrial dysfunction than that of nongalloylated catechins, which was similar to the result of their scavenging ability on free radical. In view of the time course of ROS formation and mitochondrial dysfunction and their correlation, our results also suggested that the beneficial effects of tea catechis on MMP are related, at least in part, to its ability to scavenge ROS in PC12 cells exposed to 100 µM Pb ++ . The present results suggest that tea catechins supplementation may play a role for modulating oxidative stress in PC12 cells exposed to lead [53] .
Tea catechins, as a kind of efficient free radical scavenger, could improve lead-induced oxidative damage in cell systems. Whereas cellular thiol status is known to be responsible for protecting against lead-induced toxicity, whether the role of tea catechins on lead-induced PC12 cell toxicity is related to intracellular thiol compounds metabolism remained vague. Our studies found that lead significantly decreased reduced glutathione (GSH)/oxidative glutathione (GSSG) and protein sulphydryl groups (PSH)/glutathioneprotein mixed disulphide(GSSP) ratio, as well as glutathione reductase activities in a concentration-dependent manner, which would render cells more susceptible to oxidative damage. Both EC and ECG supplementation resulted in an increased GSH /GSSG ratio and glutathione reductase activities. ECG or EGCG treatment significantly decreased the glutathione-protein mixed disulphide levels and increased intracellular PSH /GSSP ratio in lead-exposed PC12 cells. To be surprised, compared with the group treated by lead, 100 µM EGC treatment following lead exposure significantly decreased GSH /GSSG and PSH/GSSP ratio, as well as glutathione reductase activities, which is related to the higher cell toxicity of EGC. The results suggested that the role of tea catechins for lead-exposed PC12 cells was related to, at least partly, its ability to regulate intracellular thiol status and glutathione reductase activities, which was dependent on their chemical structures [54] .
Protective Effect of Green Tea Polyphenols on Neuron Against Cigarette Smoke
It is well known that smoking is harmful for human health as marked on the box of the cigarette. It has been found by epidemiological studies that smoking causes high mortality by initiating heart diseases and cancer. The incidence of heart diseases is proportional to the number of cigarettes smoked and about 30% of lung cancer are caused by cigarette smoking [55, 56] . The excess risk was largely confined to long-term and heavy smokers, with significant 2-fold excess risk among men who smoked 40 or more packyears. Recent studies showed that the free radicals in the smoke are closely related to the diseases caused by cigarette smoke [57] . The free radicals generated from cigarette smoke not only cause lung injury, lung cancer and heart diseases, but also pollute the environment. Studies showed that polycyclic aromatic hydrocarbon free radicals and oxygen free radicals are generated in smoke [58] .
The free radicals attack lung cell membrane and cause lipid peroxidation. Lipid peroxidation causes aggregation of macrophages in lung, generation of respiratory burst and production of more oxygen free radicals. Both free radicals causes more series damage of lung and other tissues. The free radicals in the gas phase such as NO, NO2, alkoxyl and alkylperoxide free radicals can cause lipid peroxidation of membranes of lung cells. It was found that lipid peroxidation increased with the smoking time. The study with lung cells showed that the free radicals in the gas phase could not only change the lung cell membrane fluidity but also damaged structure and conformation of membrane proteins and antioxidant green tea polyphenols could protect the cell membrane and protein against the damage [59] [60] [61] [62] [63] [64] [65] [66] .
Antioxidant Effect of Green Tea Polyphenols
All above biological functions of tea polyphenols connect with their antioxidant properties. So a lot of studies about antioxidant properties appeared in the literature. We also have studied scavenging effects of GTP on oxygen free radicals in different systems and their mechanisms.
Scavenging effect of green tea polyphenols on oxygen free radicals
We trapped O2
•− and •OH generated from photoradiation of riboflavine /EDTA, Fenton reaction and polymorphonuclear luekocytes respectively with DMPO (5,5-dimethyl-1-pyroline-1-oxide) and measured by ESR (electron spin resonance). The scavenging effects of tea catechis on the oxygen free radicals was studied and compared with that of rosemary, Curcumin, Vitamin C and E. It was found that tea catechins had the strongest scavenging effects on oxygen free radicals produced from cell systems. Unlike other antioxidants, they practically eliminated all active oxygen free radicals [67] .
The synergic effect of green tea polyphenols on free radicals
It is thought that 4 different components of the green tea polyphenols and each component has different biological function and may act synergically to scavenge toxic oxygen free radicals. We studied the synergic scavenging effect of these 4 components of polyphenol on O2
− and it was found that the combination with the ratio EGCG:ECG:EC:EGC = 5:2:2:1 had the strongest effect, which equivalent to that naturally found in tea. The effect was even stronger than any other rations, which even contained more amount of EGCG. This suggests that GTP successfully evolved in order to survive in a toxic environment [68, 69] .
Green tea polyphenols inhibition of lipid peroxidation and scavenge lipid radicals in synaptosomes
Using Fe 2+ /Fe 3+ to stimulate lipid peroxidation of synaptosomes, we studied the GTP inhibition of lipid peroxidation, and it was found that EGCG, ECG, EGC and EC showed different inhibitory effects on TBARS formed in the system. Preincubation of synaptosomes with one of them before exposure to Fe 2+ /Fe 3+ treatment resulted in a decrease in the amount of peroxidation, and it was dose dependent. It was found that IC50 of EGCG, ECG, EGC and EC was 0.1 mM, 0.l9 mM, 0.24 mM and 0.35 mM, respectively [70] .
Lipid peroxidation plays an important role in the free radical generating process. We used 4-POBN to trap the lipid free radical when synaptosomes were incubated with Fe 2+ /Fe
3+
. EGCG, ECG, EGC or EC was then added to this system in order to measure their ability to scavenge lipid free radicals. The results showed that the scavenging rates were increased with the increase of the concentrations of added polyphenols. The IC50 of ECG, EGCG, EC and EGC was 7.31 mM, 14.9 mM, 22.14 mM and 59.28 mM, respectively [71] .
Another aspect of the relationship between the structures and activities of antioxidant that we looked at was the chemical structures, including steric structures, and the free radical-scavenging activities of tea catechins and their corresponding epimers. In particular, we examined the steric hindrance and the stability of the catechins in relation to the abilities to scavenge both small and big free radicals. Scavenging effects were evaluated not only on superoxide anions, singlet oxygen and the free radicals from AAPH using ESR spin trapping techniques, but also on the DPPH radical using direct ESR measurement [72] .
Inhibitory effect of green tea polyphenols on the oxidant activity of ONOO − Peroxynitrite is a very strong oxidant and it can oxidate most of cell membrane component. Using spin-trapping agent tNB (2-mehtyl-2-nitrosopropane), we trapped a free radical from reaction of DMSO (dimehyl sulfoxide) with peroxynitrite. It was identified as the •CH3 free radical spin adduct of tNB by the analysis of its spectrum, and it was found that the yield of tNB-CH3 radical adduct was dose dependent on the concentrations of peroxynitrite and DMSO. The scavenging effects of GTP on •CH3 free radicals generated from the oxidation of DMSO by peroxynitrite were studied and compared with the scavenging effects of quercertin and vitamin C. Although they could all effectively inhibit the oxidation of peroxynitrite in this system, the inhibitory effect of GTP was the strongest while that of vitamin C was the weakest [73] . Reaction with peroxynitrite was found to increase the 8-oxodeoxyguanosine levels in calf thymus fold. This oxidation of deoxygunosine as well as the peroxynitrite-mediated nitration of tyrosine to 3-nitrotyrosine was significantly inhibited by ascorbic, glutathione and EGCG. In order to inhibit 50% of the oxidation, 1.1, 7.6 and 0.25 mM ascorbate, glutathione and EGCG were required respectively. In order to inhibit 50% of the nitration, the respective concentration needed were 1.4, 4.6 and 0.11 mM. Thus, EGCG was significantly more efficient in inhibiting both reactions. Reaction of EGCG with peroxynitrite alone resulted in the formation of a number of products. Ultraviolet spectra of two of these suggest that the tea polyphenol and /or its oxidation products are nitrated by peroxynitrite [74] . Experiment also showed catechins were able to effectively inhibit peroxynitritemediated tyrosine nitrition in vitro [75] .
Scavenging effect of catechin on free radicals studied by quantun chemical calculation From the calculation of quantum chemical theory, we found that there was a larger πbound in A and B ring of catechin, but there was no electron delocalization between the A and B rings due to the saturation of the heterocyclic ring; and it was also found that the bounds of O-H in the A and B ring were easy to break. For example, the H was easy to be donated and the antioxidant activity responded broadly to the tenet that the structure with the most hydroxyl groups exert the greatest antioxidant activity and the hydroxyl groups in the gallate have more hydrogen-donating ability than in chromane ring [76] . Vitamin E has a similar structure A and C ring with a long carbon-hydrogen chain instead of B ring and its antioxidant activity in water phase is much smaller. When EC and EGC are compared, there are more hydroxyl groups in its B ring, the antioxidant activity of EGC is similar to EC, indicating that 5'-OH is not so important. Comparing ECG and EC, the 3-OH in the C ring is esterified to gallic acid, then the antioxidant activity of ECG is much larger than EGC and EC, indicating that the esterified gallic acid plays a very important role in the antioxidant activity of the polyphenols. Comparing EGCG and ECG, three hydroxyl groups in the B ring of EGCG, the antioxidant activity of EGCG is similar to that of ECG, indicating also that 5'-OH is so important. These calculated results are most consistent with above experiment observations.
Scavenging effect of GTP on oxygen free radicals generated from isolated ischemia-reperfused rat myocardium
We used ESR to measure the free radical generation directly in ischemia reperfused myocardium at 110K. The results showed that the isolated reperfused rat heart subjected to 30 minutes ischemia followed by 15 seconds reperfusion induced a significant increase in the production of oxygen free radicals. The concentration of oxygen free radicals in ischemic reperfused myocardium was about 188% in the normal myocardium. After pretreatment of the heart with 0.1 mg /ml GTP, the oxygen free radicals was reduced about 71% (p<0.01). This result indicates that the natural antioxidant GTP may protect the heart from ischemic rperfused injury [77] .
Inhibition effects of green tea extract on LDL oxidation
Five groups of 20 female New Zealand white rabbits were fed with a restricted amount of high-fat (30%) demipurified diet supplemented with cholesterol (0.15%, w /w) for 21 weeks. The vitamin E content of the control diet was 40 mg/kg diet. The animals received either green tea, black tea, vitamin E (200 mg /kg diet) or beta carotene(20 mg /kg) in their drinking supply. The serum cholesterol concentrations (in the order of 18-23 mM) were not significantly different between the groups, but vitamin E was substantially increased, 3-fold within 8 weeks in plasma and LDL (p<0.01). Compared to controls in vitamin E supplemented animals and slightly increased (1.2-fold) in rabbits fed with green tea and black tea (P<0.05). Green tea consumption reduced aortic lesion formation by 31%, while black tea, vitamin E and beta carotene had no effect [78, 79] . Tea catechins can reduce serum cholesterol levels in mild and borderline hypercholesterolemia patients [80] .
Conclusion
Above results and discussion show that tea catechins can prevent cancer AD, PD, detoxicity of cigarette smokeand lead in cell and animal systmes. All these could be explained by the antioxidant property of tea catechins. In order to understand health benefit of drinking tea for human body, it is necessary to study the antioxidant mechanism of tea catechins. The mechanism includes scavenging of oxygen free radicals, lipid free radicals and synergic effects of different components and epimers and even regulation of some antioxidant gene expression. But contradictory phenomena found within the different components and their apparently different antioxidant abilities in different systems need to be further studied in order to understand the mechanism of GTP antioxidant in biological systems and application to human health.
